Physical properties of soils are affected by many factors. These include the type of fertilizer used. An offer of fertilizers is currently extensive and new types are added, an example may be digestate, which is ranked among organic fertilizers according to Czech legislation. Changes in physical soil properties were monitored on a field trial, which were established on the place of Research grassland station Vatín (region Vysočina, the Czech Republic) in autumn 2013. The field trial comprised different variants of fertilization. Their effects were observed at different vegetation covers. In this paper, we focus on vegetation cover corn, fertilization variants: manure, mineral fertilizer (saltpetre ammonium with limestone) and digestate. The effect of fertilization was observed 3 times during the growing season 2014. It was in June, August and October. The results were obtained by the basic analysis of Kopecky rollers and it was from the depths of 0.05 m and 0.15 m (middle roller). The monitored soil properties were: bulk density, porosity, water retention capacity, maximum capillary water capacity and minimum air capacity. At all investigated physical soil properties there was a positive development during the growing season, with the exception of water retention capacity. The difference was found in the range of changes in various physical properties depending on the applied fertilizer.
Jana ŠIMEČKOVÁ, Jiří JANDÁK Our modern lifestyle is reliant on the electric energy. Currently, it is the shift from fossil fuels to renewable biomass resources. And the interest of using renewable energy sources is constantly increasing (Galvez et al., 2012) . Ragauskas et al. (2006) marks it as a development of sustainable society and an effective management of greenhouse gas emission. Moreover, majority of European countries are members of the EU. The recent EU policies regarded renewable energy. It resulted in the increase of the number of operating biogas plants (Concil directive 2009 /28/EC 2009 .
But, it is likely that the intensification of bio-energy production will produce considerable amounts of by-products and will pose the problem of their disposal (Galvez et al., 2012) . There exists the idea: we can apply by-products in soil. Van Camp et al. (2004) justifies it and states it may represent an effective strategy to tackle the widespread loss of soil organic matter acknowledged in the last decades.
The Czech legislation ranks by-products of biogas plants (digestate) among organic fertilizers (must meet limit content min. 25% of combustible fuel component and 0.6% nitrogen) (Act no. 156/1998 Coll.) .
Some scientific papers highlight the positive impact of organic fertilizer on different soil properties (Celik et al., 2004; Leroy et al., 2008) . Organic fertilizers increase soil organic matter content and it improves physical soil properties. It has been shown that addition of organic matter improved soil properties such as aggregation, water-holding capacity, hydraulic conductivity and bulk density (Franzluebbers, 2002; Quin et al., 2014; Zebarth et al., 1999) The literature contains many studies focusing on impact of digestate at nutrients, fate of N, soil organic matter (Bachmann, 2014; Galvez at al., 2012; Grigatti et al., 2015; Walsh et al., 2012) . But, the literature about the digestate impact on physical soil properties is rare (Beni et al., 2012) .
In our investigation, a field trial was used to obtain the results of the physical soil properties changes (bulk density, porosity, water retention capacity, maximum capillary water capacity and minimum air capacity). The applied fertilizers were manure, saltpetre ammonium wit limestone and digestate. The influence of physical soil properties was observed by vegetation cover corn during vegetation season 2014. The described depths were 0.05 and 0.15 m.
Characterization of growing locality
The soil samples were taken from a field trial. The field trial was established on the place of Research grassland station Vatin -Faculty of Agronomy, Mendel University in Brno, Czech Republic in the autumn of 2013. Vatín is located 49° 31´N and 15° 58´E, around 60 km NW of Brno, 5 km S of Žďár nad Sázavou. The elevation of the research station is 540 m above the sea level.
The soil reference soil group is Dystric Cambisol Loamic; parent material is gneiss (Bugnerová, 2013; IUSS Working Group WRB, 2014) . Cambisol is the most widespread soil reference soil group in the Czech Republic (Tomášek, 2007) . Jana ŠIMEČKOVÁ, Jiří JANDÁK These soils are developed in humid environments. Chemical and physical properties are varied. This is affected by soil organic matter content and soil texture (Němeček et al., 2011) .
Experimental design and laboratory
The field trial was established in the autumn 2013 (agrotechnical adjustment of the plots and application of manure). The trial plot was divided into three variants. Each variant had different fertilizer management. The fertilizer management was: manure (M), mineral fertilizer (SAL) and digestate (D). The dose of nitrogen for each fertilizer management was 150 kg of N ha -1 . The size of the small plot was 10 m 2 (1.25 × 8 m).
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Figure 1
The changes of physical soil properties at three types of fertilizer management during the vegetation season 2014, the depth 0.05 m Source: Šimečková, 2016 Legend:
saltpetre ammonium with limestone manure digestate Jana ŠIMEČKOVÁ, Jiří JANDÁK
The full dose of manure was applied in the autumn. The mineral fertilizer and the digestate were applied during the vegetation season in divided doses -the first dose was in the second half of April (it was 60% of the total delivered N) and the second dose was at the beginning of July (it was 40% of the total delivered N).
The mineral fertilizer was applied as saltpetre ammonium with limestone. The digestate was from the biogas plant Nove Mesto in Moravia. The material, used in this biogas plant, was bovine manure, farmyard manure, grass silage, maize silage. The manure is from a nearby farm.
The parcel was agriculturally processed as followsstubble cultivation in depth of 0.16 m after application of manure in the autumn followed by rotavator tillage in the spring for seedbed preparation. The vegetation Manure applications were carried out in the autumn. Appropriate amount of manure, determined from the nitrogen content calculations, was stratified uniformly over the parcel and subsequently incorporated during the stubble cultivation.
First dose of digestate and mineral fertilizer was applied during the spring on cultivated parcel before the maize sowing. Digestate was applied into the furrow (depth 0.1 m) and mineral fertilizer on the parcel with subsequent covering by soil. Second dose of fertilizers was applied between the row spacing on the soil surface.
The undistributed soil samples were taken during the vegetation season 2014, specifically -on 24 th July (before application of fertilizers), 25 th August and 13 th October. The samples were sampled into the Kopecky rollers (volume 100 cm 3 ). The depths of samplings were 0.05 m and 0.15 m (the middle of rollers). Sampling depth selection described the root zone. Soil samples were taken in row spacing within 5 repetitions for each fertilizer management. Samples were processed according to the methodology of the Central Institute for Supervising and Testing in Agriculture (Zbíral et al., 2010) .
Statistical analysis
The results of each physical soil properties research obtained from the year 2014 were statistically compared. The depths were compared separately. The two-way ANOVA was used to analyze the differences between the physical soil properties. The Fisher LSD post hoc test was applied to separate significantly different means (p ≤0.05). The STATISTICA Cz 12 software (statSoft, Inc., USA) was used.
The challenges of physical soil propertiesdepth 0.05 m
The challenges of physical soil properties at the depth 0.05 m are indicated in Figure 1 . The physical properties had positive development during vegetation season, with the exception of water retention capacity. It is interesting that all physical soil properties had approximately the same value at the end of the growing season. Only the course of values was different. The statistically significant differences were found in the months of June and August. The differences are evident from the Figure 1 . The decreasing water retention capacity is not favourable. Low water retention capacity leads to a small water infiltration into soil during rains and it causes surface runoff. The surface runoff at sloping land leads to erosion (Mbonimpa et al., 2014) . It is interesting, that the higher one was at SAL variant while the lowest one at M variant in June. The difference between these fertilizer variants was statistically significant. But, the value had fallen sharply at the SAL variant in August.
Interestingly, the changes of physical soil properties were the fastest by fertilizer variant with M. But, the all values of physical soil properties were similar at the end of the vegetation season.
The challenges of physical soil propertiesdepth 0.15 m
The development of physical properties at the depth 0.15 m is similar to that at the depth 0.05 m. All physical properties had positive progress. But, the results achieved not the reference values for good physical soil conditionin in some cases.
The statistically significant differences between sampling in a month at individual soil properties were more frequent.
The positive effect of organic fertilizer in the form of manure is proved. In many cases, this fertilizer management was capable of sufficiently improving soil properties, faster than the remaining 2 fertilizers. Xin et al. (2016) also see the positive effect of organic fertilizer. Their results indicated that supplementation with organic manure (there is compost) is more beneficial to enhance soil fertility and maintain the sustainability of crop production compare with mineral fertilizer. The positive effect of organic fertilizer (compost and manure) is show by the field experiment of Celik et al. (2010) .
It is important to draw attention of fertilizer application, especialy of digestate. There are not know complete impact on the environment. Fertilizer, with unknown potential negative consequences is applied to the soil. Long-term monitoring and in-depth analysis of the fertility of soils that are amended with digestates are required (Bachmann et al., 2014) . Moreover, the assessment of digestate application is not so easy because every digestate type shows different features (Grigatti et al., 2015) .
Conclusion
The changes in soil properties were investigated in the same crop with different fertilizers. Two of them were organic fertilizers (manure and digestate) and the third one was a mineral fertilizer. There were statistically significant differences during vegetation season 2014. But, it is interesting that the results were similar by individual fertilizer managements for the physical soil properties at the end of the vegetation season. The variant with manure seems better than the two variants as regards the development of physical properties.
It is important to stress that based on the results of the first year field trial, we are unable to objectively identify the impact of digestate on physical soil properties compared with manure and saltpetre ammonium with limestone. However, the changes of physical soil properties with the fertilizer digestate were similar with saltpetre ammonium and with limestone at the depth 0.05 m.
